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METHODS FOR NON-PERMANENT OCCLUSION 
OF A UTERINE ARTERY 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates generally to the treatment of disorders which 

receive blood flow from the uterine arteries, and more particularly to methods for the 
non-permanent occlusion of the uterine artery or arteries, specifically for use in 
treating uterine myomata (fibroids). 

Brief Description of the Related Art 

10 Hysterectomy (surgical removal of the uterus) is performed on approximately 

600,000 women annually in the United States. For approximately 340,000 women, 
hysterectomy is probably the best current therapeutic choice for the treatment of their 
diseases (uterine cancer, endometriosis, menorrhagia, and prolapse). For 
approximately 60,000 women with dysfunctional uterine bleeding (abnormal menstrual 

15 bleeding that has no discrete anatomic explanation such as a tumor or growth), newer 
endometrial ablation techniques may be an alternative to hysterectomy. For 
approximately 200,000 women with benign but symptomatic (excessive bleeding, pain, 
and "bulk" sensations) muscular tumors of the uterus, known as leiomyoma or 
fibroids, newer treatment methods have been developed which may spare these women 

20 a hysterectomy, as well. 

Hysterectomy for treating uterine fibroid disorders, though effective, has many 
undesirable characteristics. Thus, any method which can approximate the therapeutic 
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result of a hysterectomy without removing the uterus (and commonly the ovaries since 
they are closely adjacent to the uterus) would be a significant improvement in this 
field. 

The undesirable characteristics of hysterectomy include a known mortality rate 
5 of 0.5 deaths per 1000 hysterectomies. Stated another way, the risk of death within 30 
days of hysterectomy is thirty times greater for women who have had a hysterectomy 
than for women of similar ages and backgrounds who have not had a hysterectomy. 
Morbidity (medical symptoms and problems short of death) associated with 
hysterectomy include possible injury to adjacent organs (the bladder, the ureters, and 
10 bowel), hospital stay of approximately one week, five to six weeks of slow recovery to 
normal activity, three weeks of absence from work, direct medical expenses of at least 
$10,000, indirect cost of time away from work, a future three-fold increase in the 
incidence of cardiovascular disease, decreased sexual pleasure in approximately thirty 
percent of women, and depression and anxiety for many years after the hysterectomy 
1 5 for approximately eight percent of women. 

Surgically removing fibroids or in situ ablation of uterine fibroids is a bit like 
eradicating ants in the pantry -- they are not all seen from one perspective and there 
may be a lot of them. Commonly, a diagnosis of uterine fibroids involves the presence 
of multiple fibroids, often averaging ten fibroids or more per afflicted uterus. 

20 Consequently, it is difficult to know which fibroid is causing symptoms to the patient 
(bleeding, pain, and bulk effects on adjacent organs). Furthermore, fibroids occur at 
different layers in the uterus. Uterine fibroids can occur adjacent to the lining of the 
uterus (submucosal fibroid), in the myometrium (intramural fibroid), or adjacent to the 
outer layer of the uterus (subserosal fibroid). Consequendy, if one is directly 

25 observing the uterus from the peritoneal cavity, only subserosal fibroids would be 
seen. If one is directly observing the uterus from the endometrial surface of the 



018071 3A2_L> 



WO 01/80713 



PCT/US01/10803 



-3- 

uterus, only the submucosal would be seen. Fibroids deep within the wall of the 
uterus are poorly visualized from either surface. Finally, since fibroids come in all 
sizes, only the larger fibroids will be seen in any case. 

Clearly, the strategy of identifying which individual fibroid is causing 
5 symptoms (when there are often many), finding that fibroid, and then either removing 
or destroying that individual fibroid is a rather complex strategy. It is therefore easy 
to understand why the hysterectomy is such a common surgical choice. With 
hysterectomy, all uterine fibroids are removed in one stroke. 

In 1995, it was demonstrated that fibroids, in a uterus that contained one or 
10 multiple fibroids, could be treated without hysterectomy using a non-surgical therapy, 
specifically comprising bilateral intraluminal occlusion of the uterine arteries (Ravina 
et al., "Arterial Embolization to Treat Uterine Myomata", Lancet September 9, 1995; 
Vol. 346; pp. 671-672, incorporated by reference in its entirety herein). This 
technique is known as "uterine artery embolization" . The technique uses standard 
15 interventional radiology angiographic techniques and equipment, whereby the uterine 
arteries are accessed via a transvascular route from a common femoral artery into the 
left and right uterine arteries. 

Three facts explain the success of uterine artery embolization. First, it has 
been established that pelvic bleeding from a wide variety of sources (e.g., auto 

20 accidents, surgical errors, and post partum hemorrhage) can be effectively controlled 
with embolization techniques using coils placed in arterial and venous lumens (U.S. 
Patents No. 4,994,069, 5,226,911, and 5,549,824, all of which are incorporated in 
their entireties herein) (available from Target Therapeutics), or particles (GELFOAM 
pledgets, available from Upjohn, Kalamazoo, Michigan, or IVALON particles, 

25 available from Boston Scientific). 
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Second, fibroids five a tenuous vascular life with very little ability to recruit a 
new blood supply from the host when the primary blood supply is compromised. 
Third, the uterus has a dual (or redundant) blood supply; the primary blood supply is 
from the bilateral uterine arteries, the secondary blood supply from the bilateral 
5 ovarian arteries. 

Consequently, when both uterine arteries are occluded, i.e. bilateral vessel 
occlusion, the uterus and the fibroids contained within the uterus are both deprived of 
their blood supply. However, as demonstrated by Ravina et al., the effect on the 
fibroid is greater than the effect on the uterus. In most instances, the fibroid withers 
10 and ceases to cause clinical symptoms. 

The uterine artery embolization technique utilized by Ravina et al. uses 
standard transvascular equipment, available in typical interventional radiology 
angiography suite. This equipment includes guide catheters to selectively enter the 
tortuous right and left uterine arteries, Ivalon or Gelfoam particles, and intravascular 

15 coils. With skill and these standard angiographic tools, the uterine arteries can be 
occluded bilaterally and fibroid disease treated through a 2 mm hole in the right groin 
and through the right common femoral artery. Following the procedure, the arterial 
puncture site is held with manual pressure for fifteen minutes. While post-procedural 
pain is often significant, and requires intravenously delivered pain medication, the 

20 patient is typically fully recovered in a number of days . 

The problem with uterine artery embolization is simple. The physicians who 
know how to do the procedure are interventional radiologists, who do not take care of 
gynecology problems. The physicians who take care of gynecology problems do not 
possess the skill necessary to perform catheter based uterine artery embolization. 
25 Accordingly, only thousands of uterine artery embolizations have been performed, 
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worldwide, over the past three years, whereas hundreds of thousands of hysterectomies 
have been performed each year for uterine fibroids which are symptomatic. 

Currently, many physicians continue to embolize the uterine artery with PVA 
particles. As reported by the Society for Cardiovascular and Interventional Radiology 
5 in late 1999, some 6000 cases have been performed within the United States. 

Currendy the annualized run rate for this procedure is approximately 4500 cases per 
year. 

Previously, physicians have permanently, surgically ligated the uterine artery 
utilizing metal vascular clips. This procedure has been performed laparoscopically and 
10 requires a great deal of surgical skill to access, identify, dissect, and ligate the uterine 
arteries. This requirement for high skill and a full surgical approach has limited the 
use of surgical ligation of the uterine arteries as a clinical alternative for uterine fibroid 
treatment. 

The current treatments offered to women focus on permanent or near 
15 permanent occlusion methods for the uterine artery. These methods include (the 
expected longevity of the embolic agent is given parenthetically): embolizing with 
PVA particles (6 months to permanent in situ); embolizing with stainless steel coils 
(permanent in situ); embolizing with Gelfoam (3 to 4 weeks before degradation of the 
embolic particles); surgical ligation with metal vascular clips (permanent); and surgical 
20 ligation with RF ablation (permanent). 

All of the prior art devices and methods are therefore aimed at permanent 
occlusion of the uterine artery, resulting in redirection of the blood flow to the uterus 
through collateral circulation. The patients which suffer most dramatically from 
uterine myomata are women of child bearing age who may desire to bear additional 
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children. The current methods of embolizing or ligating uterine arteries are 
specifically contraindicated for women who desire to bear additional children. This is 
the realization of inadequate blood supply to the uterus because of the loss of the 
uterine arteries, the primary blood supply. A few reports have been cited of women 
5 who have undergone uterine artery embolization with PVA particles and then gone on 
to become pregnant and deliver normal babies. Reports have also been cited of 
women who have experienced premature menopause due to ovarian failure from these 
same procedures. 

While it is apparent that uterine artery embolization with the current embolic 
10 agents or ligation techniques is effective for treating uterine myomata, it is also 

apparent from a review of case reports and complications that this treatment is in need 
of a substantial improvement in safety. 

There therefore still remains a need in the art for improvements in methods, 
processes, and techniques for occluding the uterine arteries. 



15 



20 



CITMTUARY Ql? ™? INVENTION 

According to a first exemplary embodiment, a process of treating a condition of 
a patient comprises the steps of temporarily occluding a uterine artery for a 
therapeutically effective time period, and reestablishing blood flow through the uterine 
artery at the termination of said therapeutically effective time period. 

Still other objects, features, and attendant advantages of the present invention 
will become apparent to those skilled in the art from a reading of the following 
detailed description of embodiments constructed in accordance therewith, taken in 
conjunction with the accompanying drawings. 
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BRIEF DESCR IPTION OF THE DRAWINGS 

The invention of the present application will now be described in more detail 
with reference to preferred embodiments of the apparatus and method, given only by 
way of example, and with reference to the accompanying drawings, in which: 
5 the drawing figure illustrates portions of a uterus and some adjacent anatomical 

structures. 

nFSCRIPTIO N OF THE PREFERRED EMBODIMENTS 

Non-permanent occlusion of the uterine artery is sufficient to cause the demise 
of uterine myomata without unnecessarily exposing other tissues and anatomical 

10 structures to hypoxia attendant to prior permanent occlusion techniques. In the context 
of the present invention, a therapeutically effective transient time of occlusion of a 
uterine artery to treat uterine fibroid tumors is from 1 hour to 1 day (24 hours). Also 
in the context of the present invention, a therapeutically effective temporary time of 
occlusion of a uterine artery to treat uterine fibroid tumors is from 1 day (24 hours) to 

15 7 days (168 hours), and preferably is about 3-4 days (72-96 hours). 

Methods for non-permanent uterine artery occlusion in accordance with the 
present invention allow for substantial improvements in safety and efficacy of this 
procedure over prior techniques. Processes in accordance with the present invention 
preferably result in death to the entire uterine fibroid cell line, a normal blood supply 
20 to the uterus within a short period of time after reestablishment of the blood supply 
through the uterine artery or arteries, preferably about a week, and no fear of 
premature menopause and ovarian failure due to paniculate embolization of the 
ovarian artery or ovaries. 
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Methods for non-permanent uterine artery occlusion of the present invention 
are all aimed at producing the following events, preferably in the sequence indicated. 
Blood flow in the uterine artery is slowed or stopped by occluding or embolizing the 
artery. This stoppage of blood flow creates a clotting cascade within the artery in a 

5 fashion well known to those skilled in the art. Once blood flow has ceased and the 
vessel is filled with blood clots or thrombus, uterine fibroids, and more particularly the 
cells of the uterine fibroids, suffer a nearly immediate death because of the cessation of 
blood flow to them. The uterus becomes anoxic, but is partially supplied by the 
ovarian arteries and other collateral circulation. This collateral circulation is adequate 

10 to keep the uterine tissues alive and allow for it to recover as the total blood flow to 
the uterus returns to normal. 

The thrombus formed within the transiently or temporarily occluded blood 
vessel is addressed by the blood system with a series of enzymes which attempt to lyse 
the thrombus. This cycle is predicable and effective, and it can be assisted with 
15 various thrombolytic agents such as tissue plasminogen activator (tPA). In order to 
assure that the thrombus is weU formed to occlude the uterine artery in accordance 
with the processes of the present invention, hemostasis should be maintained for at 
least about 1 hour to about 24 hours. Therefore, it is preferable that the mechanism 
which initiates formation of the thrombus, described in greater detail below, stays in 
20 place at least 1 hour to 24 hours to provide for the death of the fibroid cell line. After 
this initial period to initiate and maintain the formation of a thrombus in the artery, 
preferably about 1-24 hours, the mechanism can be removed. As described in greater 
detail below, the mechanism for occluding the uterine artery can take any one of a 
number of forms in accordance with the present invention, and therefore can be 
25 removed by a number of ways, including resorption in the body, disintegration of the 
mechanism, and physical removal from the artery. As will be readily appreciated by 
one of ordinary skill in the art, the present invention is not limited to the specific 
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examples herein of mechanisms which are useful for occluding a uterine artery, and 
other suitable methods and devices are also within the spirit and scope of the present 
invention. 

Steps of methods in accordance with the present invention will now be 
5 described with reference to particular mechanisms which occlude one or both uterine 
arteries in order to initiate the clotting cascade which results in thrombus formation. 
While it is likely sufficient that the use of only one of the following modalities will 
result in the occlusion of a uterine artery, it is also within the scope of the present 
invention to simultaneously or serially employ multiple modalities to occlude a single 
10 uterine artery. 

The following are merely provided by way of example and not of limitation. 
Access to the uterine arteries can be had by any of a number of procedures, including, 
but not limited to: laparoscopic access; transvaginal aecess through the vaginal wall; 
access as described in copending U.S. patent application serial number 09/207,572, 
15 entitled "Devices And Method For Occlusion of The Uterine Arteries", invented by 
Burbank et al., the entire contents of which are incorporated herein by reference; 
and/or transluminal access, as described by Ravina et al, above. 

One or both of the uterine arteries of the patient are occluded using one of the 
devices and associated procedures described below. The adequacy of the occlusion 
20 can then optionally be measured by any process suitable for the measurement of blood 
flow, e.g., doppler ultrasound. The time of initial occlusion can then optionally be 
marked so that the total time of occlusion of the artery can be ascertained. Although it 
is preferable that both of the patient's uterine arteries are occluded for the minimum 
time periods necessary to initiate thrombus formation, and more preferable that the 
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occlusion times for both arteries overlap by at least this minimum time, it is also 
within the scope of the present invention to occlude the uterine arteries serially. 

Turning now to the drawing figures, the drawing figure illustrates portions of a 
uterus of a patient and some of her adjacent anatomical structures, reference to which 

5 can be made for a better understanding of the present invention. The drawing figure 
illustrates a uterus 10 which is afflicted with one or more fibroid tumors 12. The 
patient's vagina 14 includes the vaginal fornix 16. The cervix 18 extends between the 
uterine cavity 20 and the vagina 14. As discussed further herein, the uterine arteries 
22 extend to the uterus 10 and supply the uterus (and the fibroids) with oxygenated 

10 blood. While one of ordinary skill in the art will appreciate that uterine arteries' 

internal diameters will normally vary within groups of patients, and therefore that the 
present invention relates to non-permanent occlusion of uterine arteries of various 
sizes, typically uterine arteries have internal diameters of about 2 mm to about 4 mm 
prior to (upstream of) the first order branches of the artery at the uterus. The first 

15 order branches, typically, have internal diameters of less than 2 mm, with higher order 
branches having again smaller internal diameters. Therefore, while the processes in 
accordance with the present invention can be performed on a uterine artery prior to the 
first order branches, the present invention also can be performed on higher order 
branches with smaller internal blood clots. Thus, while the following descriptions 

20 reference the uterine artery, the term uterine artery also includes higher order branches 
of the uterine artery and the non-permanent occlusion of them. 

As illustrated in the drawing figure, the uterine arteries 22 extend generally 
laterally from the outer portions of the uterus in positions close to the vaginal fornix 
16. The uterine arteries 22 are themselves supplied with blood from the internal Uiac 
25 artery 24, which branches from the common Uiac artery 26 with the external Uiac 
artery 28. Although not illustrated in the drawing figure, the external iliac artery 28 
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leads to the common femoral artery, through which endovascular access to the uterine 
arteries 22 can be made in accordance with the present invention. As one of ordinary 
skill in the art is well-acquainted with techniques of transluminal, endovascular access 
through a femoral artery of a patient to the vasculature of a patient, a familiarity 
5 therewith will be presumed herein and details will not be further provided. Fallopian 
tubes 30 extend away from the uterus 10. 

It has been observed and reported that blood vessel hemostasis of greater than 4 
days (96 hours) is necessary to permanently occlude a blood vessel. See Hay, D.L., et 
al., "Hemostasis in blood vessels after ligation", Am. J. Obstet. Gynecol. 160:3, pp. 

10 737-739 (March 1989), and Brohim, R.M., et al., "Development of independent 

vessel security after ligation with absorbable sutures or clips", Am. J. Surg., Vol. 165, 
pp. 345-349 (March 1993), the entire contents of both of which are incorporated by 
reference in their entireties herein by reference. Thus, as the processes in accordance 
with the present invention are directed to non-permanent, transient and/or temporary 

15 occlusion of the uterine arteries, it is necessary to remove the vessel occlusion at a 
time prior to the artery closing permanently and after a therapeutically effective time 
period of hemostasis for the uterine fibroid cell line to have died from the lack of a 
sufficient blood supply. 

Throughout the following examples, reference is made to resorbable materials 
20 out of which devices useful in the present invention can be made. Exemplary 

resorbable materials include, but are not limited to: polyglycolic acid, including low- 
molecular weight polyglycolic acid; polyglycolic acid/polyethylene glycol hydrogel; 
copolymers of lactide and gycolide; polyvinyl alcohol; polyvinylpyrrolidone; gelatin; 
crosslinked hyaluronic acid; combinations or mixtures of one or more of the foregoing 
25 materials; as well as other resorbable materials, which are also usable and within the 
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scope 
art. 



of the present invention as will be readily apparent to one of ordinary skill in the 



Transient OnclUSion 

After at least 1 hour of occlusion, preferably 1-24 hours, more preferably 4-24 
5 hours, of total occlusion time for a uterine artery, the device, mechanism, or modality 
by which the artery was occluded is removed, permitting reestablishment of the blood 
flow through the uterine artery to the uterus. A therapeutically effective transient time 
of occlusion of a uterine artery to treat uterine fibroid tumors is from 1 hour to 1 day 
(24 hours). By occluding a uterine artery for a therapeutically effective transient time 
10 of occlusion, the blood flow through the uterine artery is slowed sufficiendy, and 
preferably stopped, for a time sufficient for a blood clot to form in the vessels of the 
uterus and fibroids growing on the uterus. Once the blood clot is formed, the clot 
itself can assume the task of slowing or stopping blood flow through the uterine artery, 
and the device, mechanism, or modality which initially slowed or stopped blood flow 
15 (described in greater detail below) can be removed. As will be readily appreciated by 
one of ordinary skill in the art, the clot will then begin to be broken down or lysed by 
the body. This lysing process can optionally be assisted by a systemic or localized 
administration of a thrombolytic agent, such as tPA, or the like, if the practitioner 
elects to do so. 

20 (i) Transient embolic particle: a swellable and expandable, position 

controllable embolic particle can be used in the transient processes of the present 
invention. Preferably, the material is selectively placed within the uterine artery 
angiographically, directly injected into the uterine artery through the vessel wall, or by 
other processes readily apparent to one of ordinary skill in the art, such as under 

25 ultrasound or MRI guidance. The material is resorbable or disintegratable in vivo in at 
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least about 1 hour up to about 1 day (24 hours). Materials for such a particle 
preferably are a 75 to 300 bloom gelatin, or a copolymer of polyglycolic acid and 
polyethylene glycol which swell when placed in the bloodstream to form an occlusion 
in the artery. Other materials for such an embolic agent include, but are not limited 
5 to, a crosslinked hyaluronic acid or other biodegradable biocompatible polymer. 

(2) Autologous clot: an autologous blood clot can be formed in the uterine 
artery, which slows or stops blood flow through the uterine artery for a therapeutically 
effective transient time period. As well appreciated by one of ordinary skill in the art, 
an autologous clot can be formed by withdrawing a volume of blood from the patient, 

10 allowing it to clot by itself, optionally drying and finely dividing the dried clot mass 
(e.g., in a blender), and reinjecting the clotted blood (or dried sample) back into the 
uterine artery. The injection can be directly through the vessel wall or transluminal^ 
through a catheter, such as an appropriately-sized angiography catheter. The 
reinjected material initiates the clotting sequence in the uterine artery and forms a clot 

15 which slows or stops blood flow. One benefit from the use of an autologous clot to 
embolize the uterine artery is that, as the blood was originally drawn from the patient 
herself, the material injected into her uterine artery will naturally lyse and there will be 
no concern about the ability of the body to absorb or degrade the injected material. 
Furthermore, the injection of a sample as described above does not require 

20 compression of the uterine artery, because the clotting sequence initiates rapidly, and 
therefore there is minimal damage to the artery itself. 

(3) Temporary balloon occlusion: balloon catheters are well known to 
those of skill in the art, and therefore a familiarity therewith will be assumed. A 
balloon catheter with a fully inflated diameter sufficient to slow or stop the flow of 

25 blood for a therapeutically effective transient time period is advanced through the 
vasculature to the uterine artery, and the balloon is inflated for a time sufficient for a 
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blood clot to form. A suitable pathway for advancing such a balloon catheter is 
described in Revina, supra. For example, the balloon can be inflated for between 
about 15 minutes and about 20 minutes. After this time period, the balloon is deflated, 
the catheter is removed, and the blood clot begins to be degraded by the natural lysmg 

5 processes Both detachable balloons, with which one of ordinary skill in the art is well 
acquainted, and balloons fixed to catheters can be used. Further optionally, detachable 
or fixed balloons in accordance with the present invention can be formed of a 
resorbable material and inflated with a biocompatible fluid. Such resorbable balloons 
do not require deflation, although they can be deflated if the practitioner elects to do 

10 so because the balloon material will be resorbed into the patient's body within a 
predetermined time. According to preferred embodiments, balloon occlusion is 
performed with a detachable balloon which is formed of a resorbable material. 

(4) Selective vasospasm: Blood vessels have demonstrated a vessel spasm 
reaction to certain substances, including dimethyl sulfoxide (DMSO), ethyl alcohol, 
15 irrigation water, and other non-physiological fluids, when the substance is present in 
sufficient concentration in the blood vessel. These vessel spasms can be so severe that 
the vessel is completely closed down, or self-constricted, and some spasms cannot be 
alleviated by the use of anti-spasm drugs, such as papaverine hyrdochloride. This 
spasm reaction can, in accordance with the present invention, be used to slow or stop 
20 the flow of blood through a uterine artery for a time sufficient for a blood clot to form. 
Thus any substance which wiU cause such a vessel spasm reaction, including those 
listed above, can be injected into the vessel to cause a spasm and closure of the vessel. 
The injection can be directly through the vessel wall or transluminally through a 
catheter, such as an appropriately-sized angiography catheter. 

25 (5) Intra-arterial injection of hemostatic agent: Bovine thrombin has been 

used as a topical hemostatic agent to stop bleeding due to trauma or surgical resection 
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of vascular organs. In accordance with the present invention, a hemostatic agent can 
be injected into the uterine artery to initiate a clotting cascade, which can be nearly 
instantaneous. The injection can be directly through the vessel wall or transluminal^ 
through a catheter, such as an appropriately-sized angiography catheter. Suitable 
5 hemostatic agents include, but are not limited to: thrombin, including human and 
bovine thrombin; fibrinogen; thromboplastin, vasopressin, algin, alginic acid, and 
combinations or mixtures thereof. 

Temporary Occlusion 

After at least 1 day (24 hours), preferably 1-7 days, more preferably 3-4 days, 
10 of total occlusion time for a uterine artery, the device, mechanism, or modality by 
which the artery was occluded is removed, permitting reestablishment of the blood 
flow through the uterine artery to the uterus. Different from transient occlusion 
discussed above, temporary occlusion does not rely solely on the blood clot formed as 
a result of the slowing or stoppage of blood flow through the uterine artery. In 
1 5 accordance with the present invention, temporary occlusion benefits from the 

combination of both the device, mechanism, or modality and the blood clot to limit or 
stop blood flow through the uterine artery. 

(1) Suture applier: Suture appliers utilizing short duration suture can be 
used to ligate the uterine artery or arteries. A suture applier housing a short lived 

20 bioresorbable suture filament, such as a low-molecular weight polyglycolic acid or 
polyglycolic acid/polyethylene glycol hydrogel filament can be used, for example. 
Because the prior procedures which are currently used endeavor to permanently 
occlude arteries, current suture materials such as Vicryl, Maxon, gut, or other 
resorbable suture filaments which have a relatively long duration in vivo, e.g., at least 

25 10 days, are not usable in the present invention in their commercially available form. 
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Typical suture materials are designed to retain their strength for sufficient time to 
allow for tissue to heal together and strengthen before the suture material is resorbed. 
in the context of the present invention and as shown by Hay and Brohim, this would 
mean permanent occlusion of the uterine artery. 

5 The only commercially available material which has an absorption time which 

approaches the time period required by the present invention is Vicryl Rapide (Johnson 
& Johnson), a copolymer of lactide and gycolide, with a reported lifetime of 7 to 10 
days in vivo. In order to use this product in the present invention as an absorbable 
suture, it is necessary to shorten this absorption time to between 1-7 days, preferably 

10 3-4 days. While other examples of ways to modify the absorption time of this product 
are within the scope of the present invention, examples include changing the ratio of 
the constituent polymers in the copolymer and "pre-aging" the commercially available 
version, such as by gamma-irradiation, exposing the product to a suitable solvent for a 
period of time, or the like. 



15 



20 



In order to use suture materials to ligate and occlude a uterine artery in 
accordance with the present invention, a length of suture material with an in vivo 
lifespan before absorption of between 1-7 days, preferably 3-4 days, is looped around 
the uterine artery of interest and tied to collapse the vessel upon itself and stop the 
blood flow therethrough. 

In less preferred embodiments of the present invention, a non-absorbable suture 
can be used to ligate and collapse the uterine artery for a therapeutically effective time 
period in accordance with the present invention, and thereafter the suture is removed 
in a known manner. 
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(2) Resorbable vascular clip: a vascular clip designed to snap or plasticly 
deform around the uterine artery can be used in the processes of the present invention, 
formed of a resorbable material as described above. The use of resorbable vascular 
clips has been reported by Brohim et al, supra, and Schaefer, C.J., et al., "Absorbable 

5 ligating clips", Surg. Gynecol. Obstet., 154:513-6 (1982), and has been commercially 
available as Poly Surgiclip (U.S. Surgical Corp., Norwalk, CT), and Absolok™ Extra 
(Ethicon Endo-Surgery, Inc.). As an example, a vascular clip usable in the present 
invention can be made of a low molecular weight polyglycolic acid (e.g., 6000 to 7000 
Daltons) which would quickly degrade in vivo via hydrolysis. Alternately, a vascular 

10 clip can be fabricated of polyglycolic acid having a higher molecular weight, but being 
sintered or bonded together with a dissolvable material such as polyvinyl alcohol, 
gelatin, or the like. The dissolvable material of the clip hydrates and goes into 
solution in vivo, gradually weakening the structure of the clip until it disintegrates. 

In order to use resorbable clips to occlude a uterine artery in accordance with 
15 the present invention, a resorbable clip with an in vivo lifespan before resorption of 
between 1-7 days, preferably 3-4 days, is secured around the uterine artery of interest 
in a known manner to collapse the vessel upon itself and stop the blood flow 
therethrough. 

(3) Removable vascular clip: Currently several models of spring clamps or 
20 ratchet clamps are made for surgical occlusion of blood vessels during vascular 

surgeries. One manufacturer of suitable clamps is Applied Medical Resources Inc, 
Laguna Hills, CA. While currently available clamps or clips are relatively bulky 
because they are designed for open vascular surgeries, they can be used in the 
processes of the present invention. When the present process' therapeutically effective 
25 time period is completed, the clamp is removed and blood flow is re-established within 
the vessel. Preferably, the clamp is a relatively small clip so that when a surgical 
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incision is made to install it, the incision does not have to be large. The use of smaller 
clips permits release of the surgical clamp release mechanism without reopening the 
surgical incision to gain access to the clip. Alternatively, a relatively large clip can be 
used direcdy on the vaginal wall to ensnare and occlude the uterine artery which is 
5 located on the other side of the wall. 

(4) Temporary resorbable embolic particles or materials: a swellable, 
position controllable embolic particle can be used in the processes of the present 
invention. Preferably, the material is selectively placed within the uterine artery 
angiographically, directly injected into the uterine artery through the vessel wall, or by 

10 other processes readily apparent to one of ordinary skill in the art, such as under 

ultrasound or MRI guidance. The material is resorbable or disintegratable in vivo m at 
least about 1 day up to about 7 days. Materials for such a particle preferably are a 75 
to 300 bloom gelatin, or a copolymer of polyglycolic acid and polyethylene glycol 
which swell when placed in the bloodstream to form an occlusion in the artery. Other 

15 materials for such an embolic agent include, but are not limited to, a crosslinked 
hyaluronic acid or other biodegradable biocompatible polymer. 

(5) Thrombus forming energy: a source of energy, e.g. , thermal, EM, or 
the like, can be used in the processes of the present invention. A familiarity with such 
sources of energy is assumed herein, as such sources are readily commercially 

20 available. As will be readily appreciated by one of ordinary skill in the art, energy, 
such as high intensity focused thermal, ultrasound, electrosurgical energy, or the like 
initiate the clotting cascade in blood. Thus, in order to use energy to occlude a uterine 
artery in accordance with the present invention, the energy is applied, preferably in a 
focused way, on the uterine artery to form a thrombus therein. By adjusting the 

25 application of the energy to the blood within the artery, an in vivo lifespan of between 
1-7 days, preferably 3-4 days, of a thrombus can be achieved. 



BNSDOC1D: <WO 01B0713A2J_> 



WO 01/80713 



PCT/US01/10803 



-19- 

(6) Direct gaseous embolus injection: a volume of a gas can be directly 
injected into the uterine artery, either through a transluminal approach or through the 
vessel wall. As well appreciated by one of ordinary skill in the art, gas embolisms 
cause cessation of blood flow through a blood vessel, which in the present invention is 
5 used to initiate the clotting sequence. The gas used to embolize the uterine artery is 
selected to be insoluble in the bloodstream and/or will not diffuse through the uterine 
artery vessel walls at patient body temperature (approximately 98.6° F, 37.0° C, for 
human patients), but may also be selected to be partially soluble in blood and/or will 
partially diffuse through the vessel wall at a rate such that the gas embolism retains 

10 sufficient volume to slow or stop blood flow through the uterine artery for a time 

sufficient for a blot clot to form. Examples of gases which can be used in accordance 
with the present invention include, but are not limited to, N 2 , Ar, Kr, N0 2 , butane, 
butylene, cyclopropane, propane, and combinations or mixtures thereof. In general, 
however, gasses suitable for use in the embolization processes in accordance with the 

15 present invention have low to no solubility in water or blood, and/or low or no 
diffusivity through the vessel wall, at the patient's body temperature, and are 
biocompatible at the total volumes used. Once the therapeutically effective time period 
of the present invention has expired, the gas embolism is removed or absorbed into the 
body. While many mechanisms are suitable in the present invention for removing the 

20 gas embolism, the gas embolism can be direcdy aspirated out of the vessel lumen 

(e.g., by a transluminal approach or direcdy through the vessel wall) to reinitiate blood 
flow through the uterine artery. 

In addition to the foregoing steps in the processes of the present invention, 
removal of a blot clot or thrombus can be accelerated by the use of an agent which 
25 lyses the clot, including the administration of tPA to the patient after the 
therapeutically effective time period. 
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While the invention has been described in detail with reference to preferred 
embodiments thereof, it will be apparent to one skilled in the art that various changes 
can be made, and equivalents employed, without departing from the scope of the 
invention. While specific reference has been made to female adult human patients, 
5 processes in accordance with the present invention also include occlusion of one or 
both of the uterine arteries of any female patient that has uterine arteries, including 
pediatric humans and other mammals. 
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WHAT IS CLAIMED IS: 

1. A process of treating a condition of a patient, comprising the steps of: 
non-pennanently occluding a uterine artery for a therapeutically 

effective time period; and 
5 reestablishing blood flow through the uterine artery at the termination of 

said therapeutically effective time period. 

2. A process in accordance with Claim 1 , wherein said therapeutically 
effective time period is between 1 hour and 168 hours. 

3. A process in accordance with Claim 1, wherein said therapeutically 
10 effective time period is between 1 hour and 24 hours, and said step of non- 

permanendy occluding comprises transiently occluding a uterine artery. 

4. A process in accordance with Claim 1, wherein said therapeutically 
effective time period is between 24 hours and 168 hours, and said step of non- 
pennanently occluding comprises temporarily occluding a uterine artery. 

15 5. A process in accordance with Claim 1, wherein said therapeutically 

effective time period is between 72 hours and 96 hours, and said step of non- 
permanendy occluding comprises temporarily occluding a uterine artery. 
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6. A process in accordance with Claim 1, wherein said step of non- 
permanently occluding a uterine artery comprises collapsing said uterine artery to stop 
blood flow through said uterine artery. 

7. A process in accordance with Claim 6, wherein said step of collapsing 
5 said uterine artery comprises ligating said uterine artery . 

8. A process in accordance with Claim 7, wherein said step of ligating said 
uterine artery comprises ligating with a resorbable suture material. 

9. A process in accordance with Claim 8, wherein said resorbable suture 
material comprises a material selected from the group consisting of polyglycolic acid, 

10 low-molecular weight polyglycolic acid, polyglycolic acid/polyethylene glycol 

hydrogel, copolymers of lactide and gycolide, polyvinyl alcohol, polyvinylpyrrolidone, 
gelatin, crosslinked hyaluronic acid, and mixtures thereof. 

10. A process in accordance with Claim 7, wherein said step of ligating said 
uterine artery comprises ligating with a non-absorbable suture material. 

15 11. A process in accordance with Claim 6, wherein said step of collapsing 

said uterine artery comprises clamping said uterine artery. 
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12. A process in accordance with Claim 11, wherein said step of clamping 
said uterine artery comprises clamping said uterine artery with a clamp formed of a 
resorbable material. 

13. A process in accordance with Claim 12, wherein said resorbable 
5 material comprises polyglycolic acid. 

14. A process in accordance with Claim 13, wherein said resorbable 
material further comprises a dissolvable material selected from the group consisting of 
as polyvinyl alcohol and gelatin. 

15. A process in accordance with Claim 1, wherein said step of non- 
10 permanently occluding a uterine artery comprises forming a thrombus in said uterine 

artery. 

16. A process in accordance with Claim 15, wherein said step of forming a 
thrombus comprises positioning an embolic particle in said uterine artery. 

17. A process in accordance with Claim 16, wherein said step of positioning 
15 an embolic particle comprises positioning a swellable material in said uterine artery. 
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18 A process in accordance with Claim 17, wherein said step of positioning 
a swellable material in said uterine artery comprises positioning a 75-300 bloom 
gelatin in said uterine artery. 

19. A process in accordance with Claim 17, wherein said step of forming a 
5 thrombus comprises positioning in said uterine artery a particle formed of a material 

selected from the group consisting of a polyglycolic acid/polyethylene glycol 
copolymer, a crosslinked hyaluronic acid, and combinations thereof. 

20. A process in accordance with Claim 15, wherein said step of forming a 
thrombus comprises applying energy to said uterine artery. 



10 



21 . A process in accordance with Claim 20, wherein said step of applying 
energy to said uterine artery comprises applying energy selected from the group 
consisting of thermal energy, ultrasonic energy, and electrosurgical energy. 

22. A process in accordance with Claim 15, wherein said step of forming a 
thrombus comprises positioning a gas embolism in said uterine artery. 



15 23. A process in accordance with Claim 22, wherein said step of positioning 

a gas embolism in said uterine artery comprises positioning a gas embolism of a gas 
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selected from the group consisting of N 2 , Ar, Kr, N0 2 , butane, butylene, 
cyclopropane, propane, and mixtures thereof. 

24. A process in accordance with Claim 1, wherein said condition 
comprises the presence of uterine fibroids. 

5 25. A process in accordance with Claim 1, wherein said step of non- 

permanently occluding a uterine artery comprises non-permanendy occluding two 
uterine arteries. 

26. A process in accordance with Claim 1, wherein said step of non- 
pennanently occluding a uterine artery comprises forming an autologous clot in the 

10 uterine artery. 

27. A process in accordance with Claim 26, wherein the step of forming an 
autologous clot comprises injecting a material comprising clotted blood into the uterine 
artery. 

28. A process in accordance with Claim 1, wherein said step of non- 
permanently occluding a uterine artery comprises inflating a balloon in the uterine 
artery. 

_01B0713A2J_> 
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29. A process in accordance with Claim 1, wherein said step of non- 
pennanendy occluding a uterine artery comprises exposing the interior of the uterine 
artery to a material which causes the uterine artery to spasm. 

30. A process in accordance with Claim 29, wherein said step of exposing 
5 the uterine artery comprises injecting a material into the uterine artery selected from 
the group consisting of dimethyl sulfoxide (DMSO), ethyl alcohol, irrigation water, 
and mixtures thereof. 

31. A process in accordance with Claim 1 , wherein said step of non- 
permanently occluding a nrerine artery comprises injecting a hemostatic agent into the 

10 uterine artery. 

32. A process in accordance with Claim 1, wherein said step of injecting a 
hemostatic agent comprises injecting a material selected from the group consisting of 
human thrombin, bovine thrombin, fibrinogen, thromboplastin, vasopressin, algin, 
alginic acid, and mixtures thereof. 
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